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Abstract The export of particulate organic carbon (POC) from surface waters to the ocean interior via the
biological carbon pump is largely envisioned as a vertical process. However, several lines of evidence
suggest that lateral supply of aged organic matter hosted on lithogenic particles derived from sediment
resuspension may also be a significant process. Despite its potential importance, lateral POC supply has not
been systematically examined on a global scale. Here, we assess the contribution of resuspended
sediment to sinking particulate matter in the ocean using literature data of sediment trap studies.
Proportions and absolute fluxes of lithogenic material at 158 sites and available radiocarbon contents are
compiled to develop a global‐scale assessment. We find that lithogenic material accounts for 25 ± 20% of
sinking particulate matter, comprising a mean flux of 67 mg m−2d−1. Lithogenic material flux generally
decreased with increasing distance from the coast and with increasing height above the seafloor. The Δ14C
values of POC exhibited a linear relationship with a wt/wt ratio of lithogenic material to POC. Loadings
of aged POC to lithogenic material obtained from this relationship were similar to or higher than POC
content of the surface sediment in the vicinity. Based on this relationship, and the global mean of
lithogenic material content of sinking particulate matter, we calculate that aged POC from sediment
resuspension comprises 0.2–0.7% of sinking particles and 4–11% of sinking POC intercepted by
sediment traps.

1. Introduction

The transport of carbon from surface waters to the deep ocean via primary production and subsequent
export of particulate organic carbon (POC), known as the biological carbon pump, is a crucial process
for sequestration of atmospheric CO2 (Honjo et al., 2008; Volk & Hoffert, 1985). Sediment traps facilitate
direct measurement of the POC flux to the ocean interior and have been widely used to understand
the workings and magnitude of the biological pump (e.g., Honjo et al., 2008; Torres Valdés et al., 2014).
In particular, large‐scale studies such as Joint Global Ocean Flux Study (JGOFS) and Vertical Transport
and Exchange (VERTEX) (e.g., Buesseler & Boyd, 2009; Dunbar et al., 1998; Honjo et al., 1995, 1999,
2000; Martin et al., 1987) have advanced our understanding of material fluxes to the ocean interior.
For example, Honjo et al. (2008) undertook a global synthesis of sediment trap data, focusing on
export to the mesopelagic/bathypelagic boundary and accompanying attenuation in biogeochemical
fluxes during vertical transit from surface to deep waters. They found that the global annual flux of
POC at a depth of 2,000 m was 120 mmol m−2 yr−1, with similar fluxes for biogenic Si and inorganic
carbon.

Hemipelagic sedimentation over continental margins involves both vertical and lateral particle transport,
the latter involving translocation of lithogenic, or terrigenous, material (LM) from the coast to the ocean
interior (Rea & Hovan, 1995). Strong currents prevalent in shallow continental margin settings promote
sediment resuspension and lateral transport of resuspended particles (Bao et al., 2018; Hollister &
Nowell, 1991; Hwang et al., 2010, 2017; Karakaş et al., 2006). Sediment resuspension, and associated
entrainment of LM, or non‐biogenic material, into sinking particles is not limited to continental margins
(Honjo et al., 1982). Indeed, sediment resuspension appears to be a widespread phenomenon in the ocean
(e.g., Gardner et al., 2018; Honda et al., 2000; Hwang et al., 2010; Nakatsuka et al., 1997; Sherrell et al., 1998),
induced by a range of processes. Despite its prevalence, global‐scale assessments of the influence of
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sediment resuspension and contributions from lateral supply of LM to sinking particles and sinking POC
have yet not been systematically addressed.

With respect to POC, assessments of resuspended sediment contribution have been made based on radiocar-
bon measurements and organic molecular proxies (e.g., Hwang et al., 2005, 2009; Mollenhauer et al., 2003;
Ohkouchi et al., 2002). Deep‐ocean sinking POC frequently showed lower Δ14C values (the
fractionation‐corrected value of 14C/12C relative to a standard; Broecker & Olson, 1959; Stuiver &
Polach, 1977) than expected when freshly produced POC was considered as the only source (Hwang
et al., 2010). The Δ14C value of sinking POC serves as an effective tracer of resuspended sedimentary POC
because of the contrast in Δ14C values between fresh POC and sedimentary POC (Hwang et al., 2004),
and this contrast has been used in two end‐member isotopic mass balance calculations to estimate that
resuspended sedimentary POC accounts for ~30% of sinking POC (Hwang et al., 2010).

Sediments are enriched in clay and silt (Gardner et al., 1985; Walsh et al., 1988). Al (aluminum) is a major
constituent of aluminosilicate minerals. The Al content of the continental crust is relatively uniform globally
(8.23% on average; Taylor &McLennan, 1985). Hence, Al contents can serve as a general tracer of LM. Since
eolian input is usually much less significant than resuspended sediments in terms of particulate Al supply to
the water column (Duce et al., 1991; Hwang et al., 2010), and scavenging of dissolved Al to sinking particles
is also of minor importance (Lam et al., 2015), Al provides a tracer of resuspended sediment particles. The
Δ14C and Al contents of sinking particles showed a strong negative correlation, implying that aged POC is
associated with LM (Hwang et al., 2010).

In this paper, we compiled literature data to develop a global‐scale assessment of contributions of LM to
sinking particulate matter. We find that these contributions are significant in various oceanic settings, par-
ticularly over continental margins. Examination ofΔ14C values of sinking POC revealed strong relationships
with parameters that represent contribution of resuspended sediment. We then derive estimates for the con-
tribution of aged POC from sediment resuspension to sinking POC based on these relationships and global
LM flux data.

2. Data

We used literature data derived from sediment trap studies (supporting information Table S1). The majority
of data were obtained from a JGOFS website (http://usjgofs.whoi.edu/mzweb/data/Honjo/sed_traps.html;
data compiled by S. Honjo, R. Francois, and S. J. Manganini), with additional data obtained from the
PANGAEA website (https://www.pangaea.de/) and from individual papers not included in the above men-
tioned data compilations (e.g., Hwang et al., 2015, 2017; Kim et al., 2015, 2017, 2019; Torres Valdés
et al., 2014).

For compilation of the proportions and absolute fluxes of LM, priority was given in the following order:
If LM data were explicitly presented in the original literature, the data were adopted as reported
(e.g., Dunbar et al., 1998; Kawahata, 2002; Kawahata et al., 1998, 2000; Kempe & Knaack, 1996). Most of
the studies did not report the proportion of LM explicitly, so the latter was estimated as the difference
between the total particle mass and the sum of biogenic components (i.e., opal, CaCO3, and particulate
organic matter ¼ 1.88 × POC; the ratio between organic matter and POC from Lam et al., 2011); this was
called the “unaccounted‐for” fraction. When an estimated value was negative, or data were not available
for all three biogenic components, the proportion of LM was calculated using the Al content (Al con-
tent × 12.15, Taylor & McLennan, 1985). The unaccounted‐for fraction and the LM based on Al content
showed a reasonably good correlation (y ¼ (1.141 ± 0.018) × x + (2.93 ± 0.30), r ¼ 0.77, n ¼ 1933; here x
and y represent Al‐based proportion of LM and unaccounted‐for fraction, respectively; Figure S1).
Considerable discrepancies between the two fractions were observed for those samples with low LM fluxes
(Figure S1). Results of very low Al‐derived values with high unaccounted‐for fraction values were mostly
from the Southern Ocean (e.g., JGOFS data from Collier et al., 2000).

Δ14C values of sinking POC were obtained from individual papers. Δ14C values of suspended POC and dis-
solved inorganic carbon in surface waters and surface sediments at or proximal to sediment trap sites were
also obtained from individual papers (Table 1).
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3. Results
3.1. Proportion and Absolute Flux of Lithogenic Material in Sinking Particles

The compiled data (a total of 7,792 data points from 158 sites) clearly show that LM accounts for a significant
fraction of sinking particulate matter globally (Figure 1 and Table S1). An arithmetic mean of the average
proportion of LM at each sampling site was 25 ± 20% of the sinking particulate mass (Figure 1). Low propor-
tions of LM (i.e., <10%) were mainly observed in open ocean settings. In the Southern Ocean, the proportion
of LM was ~20%. Continental margin sites, including the northeast/northwest Pacific and the
northeast/northwest Atlantic showed higher values (~30%). High values were also observed in the
Atlantic Nordic‐Norwegian Sea, the Greenland Sea, and the Barents Sea. In the Amundsen Sea and the

Figure 1. Proportion of lithogenic material (%) in sinking particulate matter at each study site. Each symbol represents
the arithmetic mean of the values observed at various times at the same location. When data exist only at one depth
at a site, they are presented as deep samples. When data exist at more than one depth at a site, the data are presented in
three “relative” trap depth bins (i.e., shallow, middle, and deep trap depths). Symbols within the rectangles indicate
the sites for which radiocarbon isotope results are presented in Figure 5. For interpretation of the color coding of the
symbols, the reader is referred to the web version of this article.
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Weddell Sea, the mean proportion of LM was ~50%. Extremely high
values (>80%) were observed in the Arctic Canada Basin.

Absolute LM flux ranged from near zero to 5,500 mg m−2d−1 (Figure S2).
The arithmetic mean of the average LM flux for all sites and all water
depths was 67 mg m−2d−1 (Table S1). Values greater than the mean were
mainly observed on the continental margins (Figure S2b). In the Arctic
Canada Basin the flux was very low despite very high proportions of LM
to overall flux. Relatively high fluxes were observed in most margin sites
of the northeastern Pacific, in the northwest Atlantic, as well as around
Antarctica including the Ross Sea, the Amundsen Sea, and the Antarctic
Peninsula.

In general, the proportion of LM decreased with increasing height above
the seafloor (Figure 2a). Values >50% were observed in sinking particles
intercepted within 2,000 m above the seafloor and particularly within
~1,000 m of the seafloor. Correspondingly, proportions of LM were high
for those sites where total water depths were less than 1,000 m (black
and magenta symbols in Figure 2a). However, the proportion of LM was
significant above this layer as well, and even at 4,000m above the seafloor,
with observed values ranging from 20% to 40% of sinking particulate mat-
ter. Abnormally high values, 35% on average, at 6,000 m above the sea-
floor (a water depth of 1,000 m) were observed in the northern Japan
Trench (Shin et al., 2002). Globally, LM accounts for 34 ± 16%,
33 ± 21%, and 20 ± 19% of sinking particulate matter over the continental
shelf (<500 m), slope (500–3,000 m), and abyssal plain (>3,000 m),
respectively.

Absolute LM flux also showed vertical attenuation with increasing dis-
tance above the seafloor (Figure 2b). High LM fluxes (>200 mg m−2d−1)
were observed mainly within ~1,300 m from the seafloor. At a given depth
and location, the ranges of proportions and absolute fluxes of LM (1 stan-
dard deviation error bars, Figures 2 and S3) were large, indicating spora-
dic rather than continuous supply of LM. The proportion and absolute
flux of LM also showed attenuation with increasing distance from the
coast (Figure S3), with LM fluxes <30 mg m−2d−1 for distances
>2,200 km.

We examined LM flux at all 25 sites where the flux was measured at more than two depths simulta-
neously (Figure 3). The vertical distribution of LM flux can mostly be grouped into five categories:
(i) similar LM fluxes at all depths, (ii) increasing flux with increasing depth, (iii) minimum flux at
mid‐depth, (iv) maximum flux at mid‐depth, and (v) decreasing flux with increasing depth. The global
feature of decreasing LM flux with increasing height above the seafloor was not always observed at each
examined site. The mean fluxes at most sites were lower than 70 mg m−2d−1, because the majority were
open ocean sites with total water depths mostly greater than 3,000 m. The first category (similar fluxes at
all depths) includes two cases, in Prydz Bay, Antarctica (#11) and the Arabian Sea (#55). Absolute LM
flux was low (<10 mg m−2d−1) at both sites. The second category, characterized by increasing flux with
increasing depth (10 sites, #62, 65, 88, 92, 93, 106, 116, 125, 147, and 151), was the most frequent pattern
observed. Four sites exhibited a minimum flux at mid‐depth (#51, 119, 131, and 143). Most stations with
maximum flux at mid‐depth (eight sites, #30, 42, 66, 82, 108, 115, 120, and 130) were located adjacent to
continent shelves where particles may be exported from the continental shelf and slope, potentially as
nepheloid layers moving along isopycnal surfaces (McCave et al., 2001). As an exception, decreasing
LM flux with increasing water depth was observed in the Cariaco Basin (#56). Although the reason for
this observation is not clearly stated by the authors, earthquake‐induced supply of resuspended sediment
from the slope (Thunell et al., 1999) or riverine supply of LM from the Venezuelan coastline may be
responsible (Thunell et al., 2007).

Figure 2. (a) Proportion of lithogenic material (%) and (b) lithogenic
material flux (mg m−2d−1) against the distance from the seafloor. Color
coding denotes total water depth (m) of each sampling site. The symbol and
horizontal line of each time‐series data set indicate the arithmetic mean
and the standard deviation of the data. The maximum lithogenic material
flux is 5,500 mg m−2d−1 and is not shown here (also note the axis‐break).
For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.
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4. Discussion
4.1. Vertical and Horizontal Variation of Resuspended Sediment Contributions to Sinking
Particulate Matter

In general, regions of high LM flux, such as the Atlantic‐Nordic Sea and the northwest Atlantic margin,
match the regions of high particulate matter concentration in the bottom waters (i.e., 10 m above bottom)

Figure 3. Vertical distribution of lithogenic material flux at 25 sites where simultaneous measurements at more than two depths are available. The y‐axis is the
height above the seafloor in km. The station number (Table S1) and total water depth (in parenthesis) are indicated for each plot. Symbols and horizontal
lines indicate mean values and standard deviations of each data set. Note that x‐axis scales are not the same for all plots.
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based on transmissometry surveys (Figure 3 in Gardner et al., 2018). Although the data overlap between this
transmissometry study (Gardner et al., 2018) and the sediment trap locations used in our study are
insufficient to allow direct comparisons, the high proportions and absolute fluxes of LM near the seafloor
clearly indicate that sediment resuspension is a major source of LM.

When the LM flux data are binned into seven groups according to total water depth and sampling depth
(i.e., 0–500, 500–1,000, 1,000–2,000, 2,000–3,000, 3,000–4,000, 4,000–5,000, and >5,000 m), several features
of LM supply from the near‐surface sources and near‐seafloor sources emerge (Figure 4 and Tables 2, S2,
and S3). LM flux was distinctly higher on the continental shelf than other environments. Over the upper con-
tinental slope (500–1,000 m water depth), LM flux was higher at shallower depths than near the seafloor,
demonstrating the importance of resuspended sediment particles emanating from the shelf/slope break.

Figure 4. Average and standard deviation of lithogenic material flux in mg m−2d−1 (upper panel) and proportion of lithogenic material in % (lower panel) plotted
against sample collection depth (averaged for each sampling depth bin). Data were grouped into 7 “sediment trap deployment depth” bins (0–0.5 km,
0.5–1 km, 1–2 km, 2–3 km, 3–4 km, 4–5 km, and >5 km). Data are presented in 7 “total water depth” bins: from left to right, 0–0.5 km, 0.5–1 km, 1–2 km, 2–3 km,
3–4 km, 4–5 km, and >5 km. Note the difference in x‐axis scales for lithogenic material flux between plots for total water depths of 0–2 km versus >2 km.
Also note the break in y‐axis scale. The bathymetry in the background is not to scale.

Table 2
Mean Contribution (%) of Aged POC to Total Particulate Matter and Sinking POC (in Parenthesis) at Each “Sample Collection Depth” Bin at Each “Total Water
Depth” Bin. These estimates were obtained under the assumption of α ¼ 1

Total water depth (m)

Trap depth <500 m 500–1,000 m 1,000–2,000 m 2,000–3,000 m 3,000–4,000 m 4,000–5,000 m >5,000 m

<500 m 0.3 (2.4) 0.3 (2.8) 0.4 (4.6) 0.3 (2.8) no data 0.1 (0.5) 0.1 (1.2)
500–1,000 m 0.3 (4.0) 0.3 (3.4) 0.2 (2.1) 0.2 (2.5) 0.1 (1.1) 0.1 (1.7)
1,000–2,000 m 0.5 (8.2) 0.3 (4.3) 0.2 (2.5) 0.1 (1.4) 0.2 (2.1)
2,000–3,000 m 0.4 (9.5) 0.3 (5.6) 0.1 (1.6) 0.1 (1.6)
3,000–4,000 m 0.4 (9.7) 0.2 (3.0) 0.1 (3.8)
4,000–5,000 m 0.2 (3.8) 0.2 (3.9)
>5,000 m 0.3 (8.0)
Column average 0.3 (2.4) 0.3 (3.4) 0.4 (5.4) 0.3 (4.7) 0.3 (5.1) 0.1 (1.9) 0.2 (3.2)

10.1029/2020GB006544Global Biogeochemical Cycles

KIM ET AL. 7 of 14



This observation is consistent with the prevalence of intermediate nepheloid layers observed over the conti-
nental slopes (Karakaş et al., 2006; Lorenzoni et al., 2009; McCave et al., 2001). In the 1,000–2,000 m water
depth bin, a clear water layer is evident between the surface and near the seafloor, while in the 2,000–
3,000 m depth bin, local sediment resuspension and/or lateral transport along the slope appeared more
important than the particles emanating from the shelf break. From depth bins greater than 3,000 m, the ver-
tical distribution of LM flux was uniform, and no significant elevation in LM flux was observed near the sea-
floor, with overall LM fluxes diminishing with increasing distance from the coast. Exceptionally, a distinct
near‐seafloor elevation in LM flux observed in the 5,000–6,000 m bin was driven by high LM fluxes at the
Japan Trench site.

The proportion of LM in sinking particulate matter exhibits slightly different features to those for absolute
LM flux (Figure 4). This is because the proportion of LM in sinking particulate matter is affected by absolute
flux of biogenic material, with the latter decreasing as a consequence of decomposition and dissolution of
biogenic particles during their vertical descent. In particular, for the 3,000–4,000 and 4,000–5,000 m water
depths, increases in the proportion of LM toward the seafloor were clearly observed, whereas LM flux
remained uniform or increased only slightly.

4.2. Insights From Radiocarbon Analysis

Hwang et al. (2010) showed that Δ14C values of POC were negatively correlated with Al content of sinking
particles. This correlation was interpreted as indicating that the major source of aged POC was resuspended
sediment and that aged POC was tightly associated with aluminosilicate minerals. We have expanded the
data set by adding data published since Hwang et al. (2010). As in Hwang et al. (2010), we modeled the com-
position of sinking particles as a mixture between vertically transported fresh biogenic particles and particles
resuspended from surface sediment, focusing on POC and LM. Eolian input of LMwas not considered in this
model.

TheΔ14C value was compared to the wt/wt ratio of LM to POC of sinking particles (hereafter LM/POC) at six
locations where both Δ14C values of sinking POC and Al content data are available (Figure 5). These sites

Figure 5. Relationship between Δ14C value of sinking POC and the ratio of lithogenic material to POC (LM/POC) in
sinking particulate matter. Intercepts and slopes of the linear fit lines for each site are shown in the legend.
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represent various oceanic environments including an ice‐covered continental shelf (Amundsen Sea), a mar-
ginal sea with deep basins (East/Japan Sea), an abyssal site (Station M), a continental slope location (Station
W), a seasonally ice‐covered Arctic Ocean basin (Canada Basin), and a deep‐ocean trough (Okinawa
Trough). The Δ14C and LM/POC values at each site showed significant linear relationships (Figure 5).
The Arctic Canada Basin data showed the widest range of both Δ14C values and LM/POC. A very different
relationship was observed for the sediment trap samples from the northern South China Sea (not shown;
Blattmann et al., 2018). This is likely attributed to exceptionally large inputs of fossil (petrogenic) POC from
bedrock erosion on Taiwan as well as selective removal of organic matter depending on the mineralogy of
the LM (Blattmann et al., 2019). Therefore, these results are not discussed further in this paper.

We used a two end‐member mixing model to assess the underlying reason for the apparent linear relation-
ship between observed Δ14C values and LM/POC evident in Figure 5. In the mixing model, sinking POC is a
mixture between fresh POC (POCfresh with Δ14Cfresh) and aged POC derived from sediment resuspension
(POCresusp with Δ14Cresusp). POCresusp was set to be proportional to LM of sinking particle samples (all data
for the proportions of LM used in this section were based on Al content) under the assumption that
POCresusp is tightly associated with LM, that is,

POCresusp ¼ LM × α (1)

where α is a proportionality constant. Also,

Δ14Cobserved ¼ Δ14Cfresh × 1 − fð Þ þ Δ14Cresusp × f (2)

where f is the fraction of POCresusp in total POC (here and in equation 3, POC ¼ POCfresh + POCresusp) in
the two end‐member mixing model. Then the relationship between the observed Δ14C values and
LM/POC is as follows.

Δ14Cobserved ¼ α × Δ14Cresusp − Δ14Cfresh
� �� �

× LM=POCþ Δ14Cfresh (3)

Derivation of the equation is presented in the supporting information. If the relationship is linear,
α × (Δ14Cresusp − Δ14Cfresh) is equivalent to the slope of the line, and Δ14Cfresh is equivalent to the intercept.
The slope of each linear regression ranged between −3.3 and −10.2 (Figure 5 and Table 1). The linear rela-
tionship suggests that if the Δ14C values of the two end‐members are fixed, α is constant at a given site.
Therefore, α, the proportion of aged POC to LM, does not appear to be altered significantly in the water
column.

There are several advantages in using the ratio of LM/POC instead of Al content for comparison with Δ14C
values of sinking POC. First, the relationship appears to be linear instead of having a convex upward curva-
ture and therefore is easier to derive a trend line (Figure 5). Second, the properties of the fresh particle
end‐member do not need to be preassigned since Δ14Cfresh can be obtained from the y‐intercept of linear
fit of the data (Figure 5). Third, and most importantly, the relationship can be treated analytically.
Although both the α value and the difference between Δ14Cresusp and Δ14Cfresh cannot be determined inde-
pendently, if one of the two values is known, the other value can be calculated from the slope of the linear
trend line.

Because the α value is the ratio of sediment‐derived aged POC to LM (also mainly derived from sediment) in
sinking particles, comparison of α values with OC (organic carbon) to LM ratios in the proximal surface sedi-
ment may provide information on whether association of OCwith clay minerals is altered during the process
of resuspension and subsequent transport in the water column. We used Δ14C values of proximal surface
sediment for Δ14Cresusp, the y‐intercept values for Δ14Cfresh, and the line slope to estimate the α values.
Resulting estimates of α (in %) ranged between 1.0 and 3.0 (Table 1). The ratio of OC to LM in the surface
sediments ranged between 0.9% and 1.4% (Table 1), similar to or smaller than the α values. In this calcula-
tion, we simply used Al content to estimate the LM content in sediments. In some cases, however, this
returns an LM content of >100%, indicating that Al to LM ratios vary spatially and should be used with
caution. Further regional correction depending on the mineralogy of the local LM is therefore warranted
(e.g., Tagliabue et al., 2019 for the South Pacific). Although the uncertainty for the estimated α values is
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potentially large, the similarity between α values and OC to LM ratios of surface sediments suggests that the
association of aged OC with LM is not greatly altered during the resuspension process.

4.3. Contribution of Aged POC to Sinking Particles in the Ocean

Based on the above relationships between the proportion of aged POC and LM content, we can use the more
comprehensive data available for the latter to estimate the contribution of aged POC to sinking particulate
matter. Because we use the Δ14C values of the surface sediment to obtain α values, these estimates do not
include any rebounded particles (“those particles that have reached the sediment surface but have not
become incorporated into the sediments,” Walsh et al., 1988), or fluffy aggregates, which would be rather
fresh (higher Δ14C values; Wang et al., 1998) and lead to an underestimation of the actual contribution of
resuspended POC.

Using an α value of 1% and compiled data on the proportion of LM in sinking particulate matter, we estimate
that aged POC accounts for 0.2% (±0.1) of sinking particulate matter and 3.6% (±2.5) of sinking POC globally
(Table 2). In general, the contribution of aged POC to sinking POC increased with increasing trap depth,
with a mid‐depth minimum in the 1,000–3,000 m range, similar to the proportion of LM. Higher values
(8–10%) were observed near the seafloor on the continental slope (station depths of 1,000–4,000 m), and the
lowest value was observed for particles intercepted at shallow depths in the open ocean (4,000–5,000 m).
The contribution of aged POC to sinking POC averaged over the water column increased from the shelf
(2.4–3.4%) toward the slope (4.7–5.1%) then decreased toward the abyssal plain (1.9–3.2%). The spatial var-
iation is attributed to the relative strength of the fluxes of fresh POC and aged POC in each region. Aged POC
contributions were highest near the seafloor (6.5% when the total water depth and trap depth were in the
same bin) and exhibited a general decrease from almost 4% to slightly more than 1% as the difference
between the trap depth and water depth increased from <500 to >4,500 m (Table 2).

A major source of uncertainty in the above estimates is the range of α values. If the true α was 3% instead of
1% then aged POC contributions would increase threefold (i.e., to global values of 0.7% and 11% of sinking
particulate matter and sinking POC, respectively). However, more extensive Δ14C data sets for sinking POC
from various oceanographic settings are needed to better constrain the α values. Furthermore, spatial and
temporal variability in the sources of resuspended particles and their biogeochemical properties, as well
as Δ14C values and LM contents and compositions of surface sediments, are necessary to develop a more
comprehensive assessment of the influence of sediment resuspension and lateral particle supply on the ocea-
nic carbon cycle. Nevertheless, our results show that sediment resuspension and contributions of aged POC
to sinking particulate matter should be considered in at least two aspects of biological pump studies using
sediment traps: (1) Where aged POC supplied from sediment resuspension is locally high, caution should
be taken in quantification of vertical flux based on the observed POC flux; and (2) measurements of Al con-
tent in sinking particulate matter are recommended for quantitative assessment of the contribution of resus-
pended sediment, and associated aged POC, to sinking particles.

5. Summary

Compiled data from sediment trap studies show that LM (or non‐biogenic material) comprises a significant
fraction of sinking particulate matter in the oceans. The proportion of LM decreased with increasing dis-
tance from the coast and above the seafloor. Globally, LM accounts for 34 ± 16%, 33 ± 21%, and 20 ± 19%
of the sinking particulate matter over the continental shelf (<500 m), slope (500–3,000 m), and abyssal plain
(>3,000 m), respectively. The vertical distribution of LM in shelf waters to 3,000 m water depth suggests
input from both intermediate nepheloid layers and benthic nepheloid layers. At water depths greater than
3,000 m, LM flux was low and more uniformly distributed throughout the water column.

A linear relationship is apparent between Δ14C values of POC and the abundance ratio of LM/POC in sink-
ing particulate matter. Based on this relationship and the Δ14C values of the surface sediment OC, aged POC
loading on LM was estimated to be ~1.0% but potentially as high as 3.0%. Using this estimate and a compila-
tion of data on the proportion of LM, we find that aged POC accounts for 0.2–0.7% of sinking particulate mat-
ter and 4–11% of sinking POC globally. Lateral supply of resuspended sediment to sinking particles should
thus be considered in developing a comprehensive understanding of oceanic particle flux and carbon
cycling.
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